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ABSTRACT 

We  report  the  detection  of  periodic  (p  =  1.96  hr)  bursts  of  extremely  bright,  100%  circularly  polarized,  coherent 
radio  emission  from  the  M9  dwarf  TVLM  513—46546.  Simultaneous  photometric  monitoring  observations  have 
established  this  periodicity  to  be  the  rotation  period  of  the  dwarf.  These  bursts,  which  were  not  present  in  previous 
observations  of  this  target,  confirm  that  ultracool  dwarfs  can  generate  persistent  levels  of  broadband,  coherent 
radio  emission,  associated  with  the  presence  of  kG  magnetic  fields  in  a  large-scale,  stable  configuration.  Compact 
sources  located  at  the  magnetic  polar  regions  produce  highly  beamed  emission  generated  by  the  electron  cyclotron 
maser  instability,  the  same  mechanism  known  to  generate  planetary  coherent  radio  emission  in  our  solar  system. 
The  narrow  beams  of  radiation  pass  our  line  of  sight  as  the  dwarf  rotates,  producing  the  associated  periodic 
bursts.  The  resulting  radio  light  curves  are  analogous  to  the  periodic  light  curves  associated  with  pulsar  radio 
emission  highlighting  TVLM  513—46546  as  the  prototype  of  a  new  class  of  transient  radio  source. 

Subject  headings:  pulsars:  general  —  radio  continuum:  stars  —  radiation  mechanisms:  nonthermal  — 
stars:  activity  —  stars:  low-mass,  brown  dwarfs  —  stars:  magnetic  fields 


1.  INTRODUCTION 

Ultracool  dwarfs  are  generally  defined  as  those  dwarfs  with 
spectral  type  >M7  (Kirkpatrick  et  al.  1997),  encompassing  very 
low  mass  stars  just  above  the  stellar/substellar  boundary  and 
all  brown  dwarfs  below  it.  Surprisingly,  despite  their  low  bo- 
lometric  luminosity,  a  number  of  ultracool  dwarfs  have  been 
detected  as  relatively  bright  sources  at  radio  frequencies  (Ber¬ 
ger  et  al.  2001;  Berger  2002,  2006;  Burgasser  &  Putman  2005; 
Phan-Bao  et  al.  2007).  Initially,  the  detection  of  variable,  broad¬ 
band  radio  emission  with  low  net  circular  polarization  sug¬ 
gested  incoherent  gyrosynchrotron  radiation  due  to  a  population 
of  electrons  spiraling  in  the  magnetic  field  of  the  ultracool 
dwarf  (Berger  et  al.  2005;  Osten  et  al.  2006).  This  is  the  mech¬ 
anism  by  which  higher  mass  dwarf  stars  are  thought  to  generate 
persistent  levels  of  radio  emission.  However,  such  stars  are 
surrounded  by  high-temperature  chromospheres  and  coronae, 
and  the  levels  of  radio  emission  they  produce  have  been  found 
to  be  tightly  correlated  to  their  coronal  X-ray  luminosities  (Gii- 
del  &  Benz  1993;  Benz  &  Giidel  1994).  Ultracool  dwarfs,  on 
the  other  hand,  are  thought  to  possess  cooler,  more  neutral 
atmospheres,  as  evidenced  by  their  low  Hcc  and  X-ray  lumi¬ 
nosities  (Mohanty  &  Basri  2003;  Stelzer  et  al.  2006)  and  yet 
can  produce  high  levels  of  radio  emission,  many  orders  of 
magnitude  brighter  than  those  predicted  by  this  relationship. 

Berger  et  al.  (2005)  reported  a  periodicity  of  ~3  hr  in  the 
radio  emission  detected  from  one  such  ultracool  dwarf  2MASS 
J00361617+1821104,  citing  orbital  motion  of  a  companion,  ro¬ 
tation  of  the  dwarf,  or  periodic  magnetic  reconnection  as  possible 
causes  of  the  observed  behavior.  Hallinan  et  al.  (2006)  detected 
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a  periodicity  in  the  radio  emission  from  a  second  ultracool  dwarf, 
TVLM  513—46546  (hereafter  TVLM  513),  consistent  with  the 
putative  rotation  period  of  the  dwarf  derived  from  v  sin  i  data, 
thereby  favoring  rotation  as  the  cause  of  the  observed  periodic¬ 
ities  for  both  dwarfs.  On  the  basis  of  this  assumption,  the  periodic 
variability  can  be  explained  by  either  (1)  an  anisotropically 
beamed  radio  emission  mechanism  or  (2)  the  occultation  of  very 
high  brightness  temperature  compact  regions  in  the  magneto¬ 
sphere  of  the  dwarf.  Both  scenarios  were  deemed  inconsistent 
with  isotropic  gyrosynchrotron  emission  from  a  large  extended 
corona.  It  was  postulated  that  the  radio  emission  from  ultracool 
dwarfs  may  instead  be  due  to  coherent  electron  cyclotron  maser 
emission  generated  in  the  low-density  regions  above  the  poles 
of  a  large-scale  magnetic  field  (Hallinan  et  al.  2006),  the  same 
mechanism  producing  the  coherent  radiation  detected  from  the 
magnetized  planets  in  our  solar  system  (Zarka  1998;  Ergun  et 
al.  2000).  However,  studies  of  the  electron  cyclotron  maser  in¬ 
stability  operating  in  planetary  magnetospheres  have  reported 
intrinsically  narrow  banded,  100%  polarized  emission.  The  radio 
emission  from  TVLM  513,  on  the  other  hand,  was  found  to  be 
broadband  with  net  circular  polarization  £13%  reaching  a  pe¬ 
riodic  maximum  of  ~40%,  properties  more  consistent  with  the 
incoherent  gyrosynchrotron  process.  We  have  conducted  further 
deep  pointings  of  TVLM  513  in  an  effort  to  unambiguously 
distinguish  between  incoherent  gyrosynchrotron  emission  and 
coherent  electron  cyclotron  maser  emission.  The  periodicity  re¬ 
ported  by  Hallinan  et  al.  (2006)  was  once  again  present,  but  the 
dwarf  was  found  to  be  in  a  much  more  active  state  than  in 
previous  epochs,  producing  periodic  bursts  of  extremely  bright 
100%  circularly  polarized  emission.  These  observations  provide 
direct  confirmation  that  ultracool  dwarfs  can  produce  persistent 
levels  of  broadband,  100%  polarized,  coherent  electron  cyclotron 
maser  emission. 

2.  OBSERVATIONS 

We  used  the  Very  Large  Array  (VLA)6  to  observe  the  M9  dwarf 
TVLM  513—46546  for  ~10  hr  at  a  frequency  of  8.44  GHz  on 

6  The  VLA  is  operated  by  the  National  Radio  Astronomy  Observatory,  a 
facility  of  the  National  Science  Foundation  operated  under  cooperative  agree¬ 
ment  by  Associated  Universities.  Inc. 
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Fig.  1. — Light  curves  of  the  total  intensity  (Stokes  7)  and  the  circularly 
polarized  (Stokes  V)  radio  emission  detected  at  8.44  GHz  from  TVLM  513. 
Right  circular  polarization  is  represented  by  positive  values,  and  left  circular 
polarization  is  represented  by  negative  values  in  the  Stokes  V  light  curve. 
Bursts  of  both  100%  right  circularly  polarized  emission  (an  example  is  high¬ 
lighted  as  RCP)  and  100%  left  circularly  polarized  emission  (an  example  is 
highlighted  as  LCP)  are  detected  with  a  periodicity  of  1.96  hr.  The  absence 
of  a  left  circularly  polarized  burst  at  ~8.7  UT  is  due  to  the  VLA  being  pointed 
at  a  phase  calibration  source. 

2006  May  20  and  for  ~10  hr  at  a  frequency  of  4.88  GHz  on  2006 
May  21.  Data  reduction  was  carried  out  with  the  Astronomical 
Image  Processing  System  (AIPS)  software  package.  The  light 
curve  of  the  8.44  GHz  radio  emission  is  characterized  by  periodic 
bursts  of  both  left  and  right  100%  circularly  polarized  emission, 
the  brightest  periodically  reaching  flux  values  of  ~5  mJy,  which 
are  stable  in  phase  for  the  duration  of  the  observation  (Fig.  1). 
Similar,  albeit  less  bright  (up  to  ~1  mJy),  periodic  bursts  are  also 
present  in  the  4.88  GHz  light  curve.  The  periodicity  of  1.96  hr 
was  also  retrieved  in  /-band  photometric  monitoring  observations 
of  TVLM  513  using  telescopes  at  the  US  Naval  Observatory 
(USNO),  Flagstaff  Station,  and  the  Vatican  Observatory  (VO), 
Arizona  confirming  that  the  periodicity  present  in  the  radio  emis¬ 
sion  from  TVLM  513  is  due  to  the  rotation  of  the  dwarf  (Fig.  2). 
Therefore,  although  the  bright,  polarized  bursts  present  in  the  radio 
data  appear  to  be  transient  flares,  they  are  produced  by  the  strong 
beaming  of  persistent  radio  emission  together  with  the  rapid  ro¬ 
tation  of  the  dwarf.  For  the  limiting  case  of  perfectly  beamed 
emission  and  assuming  a  source  <0.5 R  from  the  surface,  where 
R  is  the  radius  of  the  dwarf,  we  can  use  the  duration  of  the  bursts 
to  geometrically  constrain  the  size  of  the  emitting  source  region 
to  be  <0.22 R.  Using  this  value,  we  can  establish  the  brightness 
temperature  of  the  radio  emission  to  be  >2.4  x  10 11  K,  which, 
together  with  the  100%  circular  polarization  and  extremely  narrow 
beaming,  provides  conclusive  confirmation  of  its  coherent  nature. 

The  phase-folded  light  curves  of  the  radio  emission  detected 
from  TVLM  513  at  8.44  and  4.88  GHz  are  shown  in  Figure  3. 
The  flux  detected  over  the  duration  of  the  observation  was 
0.464  ±  0.009  and  0.368  ±  0.011  mJy  at  8.44  and  4.88  GHz, 
respectively.  These  values  are  similar  to  those  reported  previ¬ 
ously  for  this  dwarf  by  Hallinan  et  al.  (2006)  of  0.405  ± 
0.018  and  0.396  ±  0.016  mJy  at  8.44  and  4.88  GHz,  respec¬ 
tively.  However,  the  periodic  bursts,  particularly  those  detected 


Fig.  2. — Lomb-Scargle  periodograms  of  ( a )  the  8.44  GHz  radio  data  ob¬ 
tained  on  2006  May  20,  ( b )  the  4.88  GHz  radio  data  obtained  on  2006  May 
21,  ( c )  the  /-band  photometric  monitoring  data  obtained  on  2006  May  21  with 
the  VO  1.8  m  telescope,  and  ( d)  the  /-band  photometric  monitoring  data  ob¬ 
tained  on  2006  May  18  with  the  USNO  Flagstaff  Station  1  m  telescope.  The 
dashed  line  corresponds  to  the  putative  rotational  period  of  1 .96  hr  for  TVLM 
513.  The  periodicity  present  in  the  radio  data  is  also  present  in  the  optical 
data  confirming  rotation  of  the  dwarf  as  the  source  of  this  periodicity. 

at  8.44  GHz,  which  are  an  order  of  magnitude  brighter  than  the 
mean  flux  values,  were  not  detected  in  the  observations  of  Hal¬ 
linan  et  al.  (2006),  indicating  that  activity  levels  in  the  compact 
regions  producing  the  bursts  have  increased  greatly  in  the  in¬ 
tervening  ~16  months  between  the  two  epochs.  Although  the 
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Fig.  3. — Light  curves  of  the  total  intensity  (Stokes  /)  and  circularly  polarized 
(Stokes  V)  radio  emission  detected  from  TVLM  513  at  8.44  and  4.88  GHz 
(4.88  GHz  shifted  by  —2  mJy)  phase-folded  to  a  period  of  1.958  hr.  For  the 
circularly  polarized  (Stokes  V)  light  curves,  right  circular  polarization  is  rep¬ 
resented  by  positive  values,  and  left  circular  polarization  is  represented  by 
negative  values.  Two  periods  of  each  phase-folded  light  curve  are  shown  for 
clarity.  Inset :  Closer  examination  of  the  brightest  burst  detected  at  8.44  GHz 
reveals  further  structure,  possibly  due  to  the  anisotropic  morphology  of  the 
source  region  of  this  burst.  The  dashed  line  corresponds  to  an  unfolded  light 
curve  of  one  of  the  bursts  correlated  with  the  phase-folded  light  curve  to 
confirm  that  this  further  structure  is  not  a  product  of  the  phase  folding  of  the 
data. 
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periodic  bursts  are  100%  circularly  polarized,  the  interpulse 
emission  at  both  frequencies  is  largely  unpolarized.  This  un¬ 
polarized  component  does  not  display  the  high  degree  of  periodic 
variation  observed  for  the  100%  circularly  component  of  the 
emission,  indicating  much  lower  intrinsic  beaming  of  the 
emission. 

Although  periodic  bursts  are  detected  at  4.88  and  8.44  GHz, 
the  phase-folded  light  curves  suggest  narrowband  structure  across 
this  frequency  range,  for  example,  the  brightest  burst  in  the 
8.44  GHz  phase-folded  light  curve  does  not  appear  to  have  a 
counterpart  in  the  4.88  GHz  light  curve.  Although  there  is  a  burst 
at  a  similar  phase  in  the  4.88  GHz  light  curve,  it  is  left  circularly 
polarized  and  thus  probably  originates  in  a  region  of  opposite 
magnetic  polarity  to  the  right  circularly  polarized  8.44  GHz  burst. 
It  should  be  noted  that  direct  correlation  of  the  radio  emission  at 
both  frequencies  is  subject  to  the  assumption  that  the  periodic 
bursts  were  stable  in  phase  and  amplitude  over  the  duration  of  the 
two  night  monitoring  campaign,  as  data  were  not  obtained  at  both 
frequencies  simultaneously.  It  is  notable  that  the  phase-folded  light 
curve  of  the  4.88  GHz  emission  is  characterized  by  two  highly 
polarized  bursts  per  period  of  rotation  of  the  dwarf,  separated  by 
~0.5  phase.  This  is  consistent  with  emission  from  the  same  source 
region  emitted  perpendicular  to  the  local  magnetic  field  and  hence 
detected  twice  per  period  of  rotation.  In  contrast,  the  bursts  ob¬ 
served  at  8.44  GHz  are  only  detected  once  per  rotation  and  hence 
may  be  obscured  on  one  side  by  optically  thick  plasma  or  indeed 
the  stellar  surface. 

3.  THE  ELECTRON  CYCLOTRON  MASER 

The  characteristics  of  the  periodic  bursts,  which  include 
100%  circular  polarization,  high  brightness  temperature,  and 
very  narrow  beaming,  are  all  consistent  with  coherent  emission 
generated  via  the  electron  cyclotron  maser  instability  (Treu- 
mann  2006).  As  discussed  by  Hallinan  et  al.  (2006),  the  un¬ 
polarized  component  of  the  radio  emission  detected  from 
TVLM  513  may  also  be  produced  by  the  coherent  electron 
cyclotron  maser  mechanism,  but  incoherent  gyrosynchrotron 
or  synchrotron  emission  cannot  be  ruled  out  without  further 
multifrequency  observations  to  separately  characterize  the 
100%  circularly  polarized  bursts  and  the  unpolarized  compo¬ 
nent  of  the  emission. 

The  electron  cyclotron  maser  instability  is  the  mechanism 
deemed  responsible  for  the  coherent  radio  emission  detected 
from  the  magnetized  planets  in  our  solar  system  (Zarka  1998; 
Ergun  et  al.  2000)  and  has  also  been  proposed  as  a  source  of 
certain  classes  of  solar  and  stellar  bursts.  The  bulk  of  planetary 
electron  cyclotron  maser  emission  is  confined  to  high  magnetic 
latitudes,  and  in  situ  measurements  of  Earth’ s  auroral  kilometric 
radiation  (AKR)  have  provided  the  deepest  insights  in  to  the 
nature  of  the  radiation  mechanism.  AKR  is  associated  with  the 
presence  of  magnetic  field-aligned  electric  fields  at  high  mag¬ 
netic  latitudes  that  (1)  evacuate  thermal  plasma  along  open  field 
lines,  enabling  the  formation  of  density  cavities  where  the  elec¬ 
tron  cyclotron  frequency  can  greatly  exceed  the  plasma  fre¬ 
quency,  vc »  vp,  a  prerequisite  for  the  generation  of  electron 
cyclotron  maser  emission  and  (2)  accelerate  electrons  into  these 
density  cavities  that  adiabatically  evolve  along  field  lines  of 
increasing  strength  to  form  an  unstable  “horseshoe”  or  “shell” 
distribution  (Pritchett  1984;  Pritchett  &  Strangeway  1985;  Win- 
glee  &  Pritchett  1986),  providing  the  free  energy  to  power  the 
maser  emission.  Emission  in  the  R-X  mode  perpendicular  to 
the  magnetic  field  in  the  source  region  is  favored,  resulting  in 
emission  of  opposite  polarity  from  magnetic  polar  regions  of 


opposite  polarity.  A  similar  model  was  proposed  by  Hallinan 
et  al.  (2006)  to  account  for  the  radio  emission  detected  from 
ultracool  dwarfs,  now  confirmed  to  be  the  case  with  the  de¬ 
tection  of  periodic  100%  circularly  polarized  bursts  from 
TVLM  513. 

The  means  by  which  the  stable  magnetic  field  aligned  electric 
fields  are  generated  and  maintained  in  the  magnetosphere  of 
TVLM  513  remains  unclear.  We  rule  out  the  interaction  of  the 
magnetosphere  with  a  stellar  wind  from  a  coronally  active  star, 
the  means  by  which  a  large  fraction  of  planetary  maser  emission 
is  powered,  as  high-resolution  adaptive  optics  observations  of 
TVLM  513  have  found  no  evidence  of  a  physical  companion 
(Close  et  al.  2003).  It  is  also  unlikely  that  a  close-in  orbital 
companion  is  responsible,  as  is  the  case  for  the  component  of 
Jupiter’s  maser  emission  associated  with  the  Jupiter- Io  electro¬ 
dynamic  circuit.  The  narrow  duty  cycle  bursts  detected  from 
TVLM  5 13  are  tightly  locked  in  phase  with  rotation  of  the  dwarf 
and  hence  are  not  in  corotation  with  an  orbital  companion.  We 
can  assert  therefore  that  the  stable  electric  fields  are  somehow 
generated  and  sustained  within  the  magnetosphere  of  the  ultra¬ 
cool  dwarf.  It  is  worth  noting  that  the  rapid  rotation  of  Jupiter 
is  also  thought  to  be  an  efficient  source  of  electron  acceleration 
for  a  component  of  the  non-Io  related  maser  emission  and  that 
a  similar  scenario  may  be  applicable  to  TVLM  513. 

4.  MAGNETIC  FIELD  DIAGNOSTICS 

Electron  cyclotron  maser  radiation  is  emitted  at  the  electron 
cyclotron  frequency  denoted  by  vc  ~  2.8  x  1 0'7i  Hz,  where  B 
is  the  magnetic  field  strength  in  the  radio  emission  source  re¬ 
gion.  It  has  been  proposed  that  emission  at  the  secondary  har¬ 
monic  may  dominate  where  radiation  generated  at  the  funda¬ 
mental  electron  cyclotron  frequency  cannot  escape  due  to 
gyroharmonic  absorption  by  thermal  plasma,  for  example,  in 
the  case  of  maser  emission  generated  at  the  base  of  magnetic 
flux  tubes  in  the  solar  corona  (Melrose  &  Dulk  1982).  However, 
thermal  plasma  density  is  expected  to  be  much  lower  in  the 
density  cavities  located  at  the  magnetic  polar  regions  of  TVLM 
513  than  at  the  base  of  the  solar  corona,  and  therefore  optical 
depth  at  the  secondary  harmonic  layer  should  also  be  much 
smaller  than  that  derived  for  the  solar  case.  Melrose  &  Dulk 
(1982)  also  note  that  growth  at  the  fundamental  is  extremely 
efficient,  limiting  the  energy  available  for  growth  at  higher 
harmonics.  Importantly,  measurements  by  the  FAST  satellite  at 
Earth  and  the  Ulysses  probe  at  Jupiter  have  directly  confirmed 
that  planetary  electron  cyclotron  maser  emission  is  almost  en¬ 
tirely  generated  at  the  fundamental  frequency.  Therefore,  emis¬ 
sion  at  the  fundamental  frequency  is  strongly  favored  for  the 
bursts  of  electron  cyclotron  maser  emission  detected  from 
TVLM  513.  We  can  thus  derive  the  field  strength  at  the  source 
of  the  8.44  GHz  bursts  detected  from  TVLM  513  to  be  ~3  kG, 
confirming  the  estimate  of  Hallinan  et  al.  (2006).  These  high 
magnetic  field  strengths,  which  can  also  be  attributed  to  other 
ultracool  dwarfs  previously  detected  at  radio  frequencies  in¬ 
cluding  a  number  of  bona  fide  brown  dwarfs,  are  of  the  same 
order  as  those  confirmed  for  the  most  magnetically  active  dMe 
flare  stars  (Johns-Krull  &  Valenti  1996).  Reiners  &  Basri  (2007) 
have  recently  directly  measured  the  magnetic  field  strengths  of 
a  number  of  ultracool  dwarfs,  confirming  that  magnetic  flux  is 
indeed  maintained  at  the  lower  end  of  the  main  sequence. 

The  extremely  high  stability  in  phase  of  the  narrow  duty  cycle, 
100%  circularly  polarized  bursts  detected  from  TVLM  513,  cou¬ 
pled  with  the  detection  of  bursts  at  both  4.88  and  8.44  GHz, 
confirm  that  these  high-strength  magnetic  fields  are  in  a  large- 
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scale,  stable  configuration.  This  is  further  supported  by  the  pe¬ 
riodic  signal  detected  in  the  /-band  photometric  data  (Fig.  2), 
which  is  stable  in  phase  and  amplitude  for  the  duration  of  the 
four  night  monitoring  campaign,  consistent  with  the  presence  of 
high-strength,  fixed  magnetic  field  regions  at  the  stellar  photo¬ 
sphere  (C.  Lane  et  al.  2007,  in  preparation).  Multiple  bursts  of 
both  left  and  right  100%  circularly  polarized  emission,  which 
originate  in  regions  of  opposite  magnetic  polarity,  are  confined 
to  the  same  range  of  phase  of  rotation  of  the  dwarf  (~0. 45-0. 78; 
Fig.  3),  indicating  the  probable  presence  of  a  dipolar  component 
to  this  large-scale  magnetic  field.  Periodic  bursts  are  detected 
when  the  axis  of  this  dipolar  field  lies  in  the  plane  of  the  sky, 
which  occurs  twice  per  period  of  rotation  of  the  dwarf.  This 
model  requires  the  dipolar  field  to  be  tilted  relative  to  the  rotation 
axis  of  the  dwarf. 

5.  DISCUSSION  AND  CONCLUSIONS 

Electron  cyclotron  maser  emission  generated  at  the  poles  of 
a  large-scale  magnetic  field  may  be  a  ubiquitous  source  of  radio 
emission  from  planets,  brown  dwarfs  and  very  low  mass  stars. 
Kellett  et  al.  (2002)  and  Bingham  et  al.  (2001)  have  also  pro¬ 
posed  that  electron  cyclotron  maser  emission  originating  in  the 
polar  regions  of  a  large-scale  magnetic  field  may  be  a  source 
of  radio  emission  from  coronally  active  stars,  particularly  dMe 
flare  stars.  The  recent  magnetic  mapping  of  a  rapidly  rotating 
M4  dwarf  has  revealed  the  presence  of  a  dipolar  component, 
confirming  that  such  stars  can  indeed  possess  large-scale,  stable 
magnetic  fields  (Donati  et  al.  2006).  In  light  of  the  observed 
behavior  of  TVLM  513  we  note  that  many  of  the  coherent 
bursts  detected  from  stellar  sources,  particularly  dMe  flare  stars, 
might  not  be  transient  flare  events  but  rather  may  be  due  to 
the  beaming  of  persistent  electron  cyclotron  maser  emission 
coupled  with  rotation  of  the  star.  Periodicity  may  have  gone 
undetected  for  higher  mass  stars  as  they  have  much  longer 
periods  of  rotation  than  ultracool  dwarfs  (Zapatero  Osorio  et 
al.  2006),  making  it  difficult  to  directly  associate  coherent  flares 
with  a  particular  phase  of  rotation. 

In  light  of  the  sharp  drop  observed  in  the  levels  of  Ha  and 
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X-ray  emission  for  late  M,  L,  and  T  dwarfs,  the  electron  cy¬ 
clotron  maser  may  prove  a  vital  diagnostic  tool  for  remote 
sensing  of  plasma  conditions  and  magnetic  field  strengths  and 
topologies  in  the  mass  gap  between  planets  and  stars.  Previous 
radio  surveys  have  been  undertaken  of  a  volume-limited  sample 
of  ultracool  dwarfs  in  the  solar  neighborhood,  resulting  in  an 
overall  detection  rate  of  ~10%  (Berger  2006).  However,  these 
surveys  were  conducted  solely  at  a  frequency  of  8.44  GHz, 
important  when  considering  that  electron  cyclotron  maser  emis¬ 
sion  is  characterized  by  an  upper  cutoff  frequency  associated 
with  the  maximum  magnetic  field  strength  in  the  magneto¬ 
sphere  of  the  dwarf.  A  detection  at  8.44  GHz  requires  magnetic 
field  strengths  of  at  least  3  kG.  Therefore,  a  much  larger  fraction 
of  these  objects  with  maximum  field  strengths  below  this  value, 
particularly  lower  mass  L  and  T  dwarfs,  may  be  detectable 
sources  at  lower  frequencies.  We  highlight  the  recent  obser¬ 
vation  of  periodic  bursts  of  coherent  emission  from  an  unknown 
source  toward  the  Galactic  center,  GCRT  J 1745— 3009  (Hyman 
et  al.  2005),  at  a  frequency  of  330  MHz,  as  the  possible  de¬ 
tection  of  an  as  yet  unidentified  cool,  dim  brown  dwarf  or 
extrasolar  planet  in  the  solar  neighborhood.  In  particular,  the 
period  of  1.28  hr  observed  for  the  bursts  from  GCRT 
J 1745  —  3009  compares  favorably  with  the  period  of  0.98  hr 
observed  for  the  bursts  detected  at  4.88  GHz  from  TVLM  513, 
and  the  bursts  have  only  been  detected  in  ~7%  of  the  time 
spent  on  source  thus  far  (Hyman  et  al.  2007),  indicating  long¬ 
term  activity  variation  similar  to  that  observed  for  TVLM  513. 
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